Conserved residues in the HIV-1 Nef hydrophobic pocket are essential for recruitment and activation of the Hck tyrosine kinase.
The Nef protein of the primate lentiviruses human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV) is essential for high-titer viral replication and acquired immune deficiency syndrome (AIDS) progression. Nef binds to the macrophage-specific Src family member Hck through its SH3 domain, resulting in constitutive kinase activation capable of transforming rodent fibroblasts. Nef-Hck interaction may be essential for M-tropic HIV replication and AIDS pathogenesis, identifying this virus-host protein complex as a rational target for anti-HIV drug discovery. Here, we investigated whether interaction with Hck is a common feature of Nef alleles from different strains of HIV-1. We compared the ability of four different laboratory HIV-1 Nef alleles (SF2, LAI, ELI, and Consensus) to induce Hck activation and transformation in our Rat-2 fibroblast model. While SF2, LAI, and Consensus Nef all bound and activated Hck, ELI Nef failed to bind to the Hck SH3 domain in vitro and did not cooperate with Hck in fibroblast transformation. Molecular modeling identified three residues in the core region of SF2 Nef (Ala83, His116, and Tyr120) which are substituted in ELI with Glu, Asn, and Ile, respectively. Two of these residues (Ala83 and Tyr120) form part of the hydrophobic pocket that contacts Ile 96 in the RT loop of the Hck SH3 domain in the Nef-SH3 crystal structure. Substitution of SF2 Nef Tyr120 with Ile completely abolished Hck recruitment and activation. In a complementary experiment, substitution of ELI Ile120 with Tyr partly restored ELI Nef-induced Hck activation and transformation in Rat-2 cells. Hck activation increased further by substitution of ELI Glu83 with Ala and Asn116 with His, suggestive of a supportive role for these residues in Hck binding. This study provides the first biological evidence that the HIV-1 Nef hydrophobic pocket is critical to Hck recruitment and activation in vivo. Targeting the Nef hydrophobic pocket with a small molecule may be sufficient to disrupt Nef signaling through Hck in HIV-infected macrophages, slowing disease progression.